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(57) ABSTRACT 

If a new link is established between a user equipment and a 
serving base station after a previous link failure, the user 
equipment is configured to report information associated with 
the previous link failure, including UE mobility information 
during the previous link, information related to transmitting/ 
receiving the RRC connection reconfiguration, or informa 
tion related to radio link failure. The serving base station is 
configured to perform mobility optimization in the minimi 
Zation of drive test accordingly for improving handover Suc 
cess rate and overall network efficiency. 
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METHOD OF REPORTING LINK FAILURE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority of U.S. Patent Application 
No. 61/602,087 filed on Feb. 23, 2012, which is included in its 
entirety herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention is related to a method of reporting 

link failure, and more particularly, to a method of reporting 
link failure for performing mobility optimization in minimi 
zation of drive tests. 

2. Description of the Prior Art 
The 3rd Generation Partnership Project (3GPP) has devel 

oped a universal mobile telecommunications system (UMTS) 
which adopts a wideband code division multiple access 
(WCDMA) technology capable of providing high frequency 
spectrum utilization, universal coverage, and high-speed/ 
quality multimedia data transmission. In the UMTS, a radio 
access network known as a universal terrestrial radio access 
network (UTRAN) includes multiple Node-Bs (NBs) for 
communicating with multiple user equipments (UES). Fur 
thermore, a long-term evolution (LTE) system is now being 
developed by the 3GPP in order to further improve perfor 
mance of the UMTS to satisfy users increasing needs. The 
LTE system includes a new radio interface and radio network 
architecture which provides a high data rate, low latency, 
packet optimization, and improved system capacity and cov 
erage. In the LTE system, a radio access network known as an 
evolved UTRAN (E-UTRAN) includes multiple evolved 
NBs (eNBs) for communicating with multiple UEs and a core 
network which includes a mobility management entity 
(MME), a serving gateway and other devices for NAS (Non 
Access Stratum) control. 
NBs of the wireless communication system must be 

deployed properly in order to provide seamless, high quality 
and large signal coverage without experiencing call drops or 
signal degradation. However, planning and optimizing the 
deployment of the NBS are based on signal quality measure 
ments which may be time- and effort consuming for an opera 
tor of the wireless communication system. Common methods 
of performing the measurements include measuring the sig 
nal strength or quality at different time and geographical 
locations of interest. Therefore, it is more economical for a 
UE of the wireless communication to perform the measure 
ments and send the measurement report to an NB. Based on 
the measurement reports received from multiple UEs, the 
deployment of the NBs may be planned and optimized 
accordingly without spending many human and material 
resources. The minimization of drive test (MDT) has been 
proposed in current 3GPP specifications in order to perform 
coverage optimization, mobility optimization, capacity opti 
mization and Quality of Service (QoS) verification. However, 
the MDT mobility optimization in LTE systems has not been 
addressed. 

SUMMARY OF THE INVENTION 

The present invention provides a method of reporting link 
failure. The method includes establishing a second link 
between a user equipment and a base station after a first link 
fails; the user equipment reporting a mobility information of 
the user equipment during the first link to the base station; and 
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2 
the base station performing a MDT mobility optimization 
according to the mobility information. 

These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art after 
reading the following detailed description of the preferred 
embodiment that is illustrated in the various figures and draw 
1ngS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The FIGURE is a flowchart illustrating a method of report 
ing link failure according to an embodiment of the present 
invention. 

DETAILED DESCRIPTION 

Handover is a procedure during which the management 
right of a moving UE is transferred from a current serving 
base station to a nearby target base station for maintaining 
data or communication link. According to 3GPP specifica 
tions (such as TS36.300, TS 36.304, TS 36.320, TS 36.331, 
or TS 36.805), the handover procedure includes 4 major 
steps: 

(1) UE transmits measurement report, based on which the 
serving base station determines whether the handover 
procedure should be initiated. 

(2) UE receives radio resource control (RRC) connection 
reconfiguration from the target base station for perform 
ing the handover procedure. 

(3) UE performs a random access channel (RACH) proce 
dure to acquire uplink synchronization with the target 
base station. 

(4) UE sends an “RRCCONNECTION RECONFIGURA 
TION COMPLETE message after completing the 
uplink synchronization with the target base station. 

For a UE and a serving base station in a wireless commu 
nication system, the present invention provides a method of 
reporting link failure for performing MDT mobility optimi 
Zation. In the present invention, the wireless communication 
system may be a UMTS or an LTE system which includes a 
network and multiple UEs in a simplified embodiment. In the 
UMTS, the network may be a UTRAN including a plurality 
ofNBs. In the LTE system, the network may bean E-UTRAN 
including a plurality of eNBs. The UE may be a mobile 
phone, a laptop computer, a tablet computer, an e-book or any 
portable computer system. However, the above examples are 
merely embodiments and do not limit the scope of the present 
invention. 
The FIGURE is a flowchart illustrating a method of report 

ing link failure. The flowchart in the FIGURE includes the 
following steps: 

Step 110: establish a second link between a UE and a base 
station after a first link fails; execute step 120. 

Step 120: the UE reports mobility information during the 
first link to the base station; execute step 130. 

Step 130: determine if the UE receives an RRC connection 
reconfiguration during the first link; if yes, execute step 140; 
if no, execute step 150. 

Step 140: the UE reports first information associated with 
transmitting or receiving the RRC connection reconfiguration 
during the first link; execute step 160. 

Step 150: the UE reports second information associated 
with radio link failure (RLF) during the first link; execute step 
160. 

Step 160: the base station performs MDT mobility optimi 
Zation according to the mobility information. 
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In step 110, the first link may fail due to handover failure or 
radio link failure. During the handover procedure, the target 
base station may send the RRC connection reconfiguration to 
the UE using over-the-air (OTA) technology. If the target base 
station sends the RRC connection reconfiguration too late 
(which may happen when the UE changes its location or 
speed), the UE may not be able to complete RACH procedure 
in time for acquiring uplink synchronization with the target 
base station, thereby causing handover failure. On the other 
hand, if the variation in background environment causes sig 
nal interferences, the UE may not be able to receive the RRC 
connection reconfiguration from the serving base station, 
thereby causing radio link failure. Therefore, in the present 
invention, the second link may be re-established between the 
UE and the serving base station after the first link fails. 

In step 120, after establishing the second link, the UE is 
configured to report the mobility information during the first 
link. In the embodiment of the present invention, the mobility 
information may includean UE mobility state, a change in the 
UE mobility state, or a UE speed when the UE mobility state 
changes, which are measured during the first link. 

In the embodiment when the mobility information includes 
the UE mobility state, the UE is configured to measure refer 
ence signal received power (RSRP) or reference signal 
received quality (RSRO) of the serving base station and the 
target base station. Based on how many times cell re-selection 
occurs during a predetermined period, the UE may determine 
whether the mobility information indicates a high-mobility 
state, a medium-mobility state or a low-mobility state. 

In the embodiment when the mobility information includes 
the change in the UE mobility state, the UE is configured to 
measure its location or timing change during the first link. For 
example, the UE may measure its location change during the 
first link using a standalone global positioning system GPS, a 
standalone global navigation satellite system (GNSS), an 
assisted GPS, an assisted GNSS, a location services (LCS) 
orientation, or a secure user plane location (SUPL) orienta 
tion. Or, the UE may acquire its timing change by measuring 
transmission times of a single-frequency network (SFN) oran 
orthogonal frequency-division multiplexing (OFDM) during 
the first link. 

In the embodiment when the mobility information includes 
the UE speed, the UE may measure its speed during the first 
link using a standalone GPS, a standalone GNSS, an assisted 
GPS, an assisted GNSS, an LCS orientation, or an SUPL 
orientation. 

In step 130, the UE is configured to determine whether an 
RRC connection reconfiguration is received during the first 
link. If the UE has received the RRC connection reconfigu 
ration during the first link, it can be determined that handover 
failure causes the first link to fail, and step 140 is then 
executed. If the UE has not received any RRC connection 
reconfiguration during the first link, it can be determined that 
radio link failure causes the first link to fail, and step 150 is 
then executed. 

According to corresponding 3GPP specifications (such as 
TS36.300, TS36.304, TS 36.320, TS 36.331, or TS36.805), 
the RRC connection reconfiguration includes mobility con 
trol information required for performing the handover proce 
dure, such as cell radio network temporary identifier 
(C-RNTI), security algorithm identifier, system information 
block (SIB) parameter of the target base station, and RACH 
preamble parameter of the target base station. The target base 
station is configured to transmit the RRC connection recon 
figuration using a specific RACH power. The UE is config 
ured to activate timer T304 upon receiving the RRC connec 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
tion reconfiguration and stop timer T304 after acquiring 
uplink synchronization with the target base station 

In step 140, the UE is configured to report the first infor 
mation associated with transmitting or receiving the RRC 
connection reconfiguration during the first link. In the 
embodiment of the present invention, the UE may report the 
start/expire time of timer T304, the location or speed of the 
UE when timer T304 starts/expires, or the maximum RACH 
power used to transmit the RRC connection reconfiguration. 
However, the above embodiments are merely for illustrative 
purposes and do not limit the scope of the present invention. 

According to corresponding 3GPP specifications (such as 
TS36.300, TS36.304, TS 36.320, TS 36.331, or TS36.805), 
a wireless transmit/receive unit (WTRU) is configured to 
monitor the link between the UE and the serving base station 
and perform a recovery procedure when encountering radio 
link failure. The WTRU may monitor a specific transmission 
carrier and detect in-sync? out-of-sync indications. After 
receiving the out-of-sync indication for a predetermined 
number of times, timer T310 may be activated. If the UE does 
not receive the in-sync indication over a predetermined num 
ber of times before timer T310 expires, it can thus be deter 
mined that the radio link has failed. On the other hand, when 
the media access control (MAC) reports random access error 
or the radio link control (RLC) informs that the maximum 
retransmission limit has been reached, it can also be deter 
mined that the radio link has failed. 

In step 150, the UE is configured to report the second 
information associated with radio link failure during the first 
link. In the embodiment of the present invention, the UE may 
report the start/expire time of timer T310, MAC problem or 
RLC problem. However, the above embodiments are merely 
for illustrative purposes and do not limit the scope of the 
present invention. 

In step 160, the serving base station is configured to per 
form MDT mobility optimization according to the mobility 
information, such as adjusting network parameters for 
regions with insufficient signal coverage or adjusting the 
transmitting time of the RRC connection reconfiguration 
according to different UE mobility states. 

In the present invention, if a new link can be re-established 
between the UE and the serving base station after a previous 
link fails, the UE is configured to report information associ 
ated with the previous link failure to the serving base station. 
The reported information may include UE mobility informa 
tion during the previous link, data associated with transmit 
ting/receiving the RRC connection reconfiguration or data 
associated with radio link failure. The serving base station 
may perform MDT mobility optimization accordingly, 
thereby improving handover Success rate and overall network 
efficiency 

Those skilled in the art will readily observe that numerous 
modifications and alterations of the device and method may 
be made while retaining the teachings of the invention. 
Accordingly, the above disclosure should be construed as 
limited only by the metes and bounds of the appended claims. 

What is claimed is: 
1. A method of reporting link failure, comprising: 
measuring mobility information during a first link between 

a user equipment (UE) and a serving base station, 
wherein the mobility information includes one of a user 
equipment mobility state, a change in the user equip 
ment mobility state, and a user equipment mobility 
speed when the user equipment mobility state changes; 

wherein the user equipment mobility state indicates a high 
mobility state, a medium-mobility state or a low-mobil 
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ity state according to how many times a cell re-selection 
occurs during a predetermined period; 

wherein the change in the user equipment mobility state is 
provided by one of (a) measuring a location change of 
the user equipment during the first link using a global 
positioning system (GPS), and (b) based on a timing 
change of the user equipment which is acquired by mea 
Suring transmission times of a single-frequency network 
(SFN) or an orthogonal frequency-division multiplexing 

an expire time of the timer; 
a location or a speed of the user equipment when the timer 

starts; 
a location or a speed of the user equipment when the timer 

expires; or 

5 

6 
a maximum random access channel (RACH) power used to 

transmit the RRC connection reconfiguration. 
6. The method of claim 1, further comprising: 
when determining that a radio resource control connection 

reconfiguration is not received during the first link, the 
user equipment reporting second information associated 
with a radio link failure (RLF) during the first link, 
wherein the target base station is configured to perform 
the MDT mobility optimization further according to the 

(OFDM) during the first link: 10 second information 
retaining the mobility information measured during the 7. The method of clai 6, whereinth d inf 

first link regardless of whether the user equipment has 1. ne metnod of claimo, w ereint CSCCOIC1 ormation 
encountered a coverage problem for a predetermined includes a start time of a timer defined in a corresponding 3rd 
period of time during i. E. link: p Generation Partnership Project specification, an expire time 

establishing a second link between the user equipment and 15 E. a s(S.ontrol (MAC) problem, or a 
a target base station after a first link between the user A E. R". il or - . 
equipment and the serving base station fails, wherein the . A metno Sh E. ink N. EE, 
target base station and the serving base station is a same measuring mobility information during a first link between 
base station; a user equipment and a serving base station, wherein the 

the user equipment reporting the mobility information of 20 ER ision one of a user E. 
the user equipment to the target base station after estab- mobility state, a change in the user equipment mobility 
lishing the second link: state, and a user equipment mobility speed when the user 

when determining that a radio resource control (RRC) equipment mobility State changes: - - - 
connection reconfiguration is received from the serving wherein the user equipment mobility state indicates a high 
base station during the first link, the user equipment 25 mobility Sh tably State t Iobil 
reporting first information associated with a condition in ity RA ng OW E. t cell re-Select1On 
which the RRC connection reconfiguration is transmit- occurs during a predetermined period; - - - 
ted or received during the first link; and wherein the change in the user equipment mobility State 1S 

the target base station performing a minimization of drive Rile by one of R s R hist 
test (MDT) mobility optimization according to the 30 e user equipment during the first link using a globa 
mobility information and the first information. positioning system (GPS), and (b ) based on a timing 

2. The method of claim 1, further comprising: change of the user equipment which is acquired by mea 
measuring a reference signal received power (RSRP) or a Suring transmission times of a single-frequency network 

reference signal received quality (RSRO) of the serving (SFN) oran orthogonal frequency-division multiplexing 
base station and the target base station during the first 35 (OFDM) during the firSt link: - 
link; and retaining the mobility information measured during the 

determining that the mobility information indicates a high- first link regardless of whether the user equipment has 
mobility state, a medium-mobility state or a low-mobil- encost a Gi perfor a predetermined 
ity state according to how many times a cell re-selection period of time during the first link: 
occurs during a predetermined period. establishing a second link between the user equipment and 

3. The method of claim 1, further comprising: a target base station after a first link between the user 
providing the change in the user equipment mobility state equipment and the Serv1ng base Station fails, wherein the 
by measuring a location change of the user equipment target base station and the serving base station is a same 
during the first link using a standalone global position- base station: - - - - - 
ing system (GPS), a standalone global navigation satel- 45 the user equipment reporting the mobility information of 
lite system (GNSS), an assisted GPS, an assisted GNSS, the user equipment to the target base station after estab 
a location services (LCS) orientation, or a secure user lishing the second link; - 
plane location (SUPL) orientation. when determining that a radio resource control connection 

4. The method of claim 1, further comprising: (RRC) reconfiguration is not received from the serving 
acquiring the user equipment mobility speed using a stan- 50 base station during the first link, the user equipment 

dalone global positioning system (GPS), a standalone reporting first information associated with a condition in 
global navigation satellite system (GNSS), an assisted which al radio link failure (RLF) occurs durin9. the first 
GPS, an assisted GNSS, a location services (LCS) ori- link or associated with a cause of the radio link failure; 
entation, or a secure user plane location (SUPL) orien- and - - - - - 
tation. 55 the target base station performing a minimization of drive 

5. The method of claim 1, wherein the condition in which SNA mobility FEER according to the 
the RRC connection reconfiguration is transmitted or mobility information and the first in ormation. 
received during the first link includes: 9. The method of claim 8, wherein the condition in which 

a start time of a timer defined in a corresponding 3rd the radio link failure occurs during the first link or the cause 
Generation Partnership Project (3GPP) specification: 60 of the radio link failure, the first information includes a start 

time of a timer defined in a corresponding 3rd Generation 
Partnership Project specification, an expire time of the timer, 
a media access control (MAC) problem, or a radio link control 
(RLC) problem. 
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